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Abstract: We study the influence of controlled coupling between localized and delocalized 
surface plasmon modes on the transmission properties of metallic photonic crystals. The presented 
interaction phenomena are important for the optimization of future plasmonic nanodevices. 
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Although metallic photonic crystal slab structures have been investigated for quite some time, only little effort has 
been devoted to the investigation of more complex sample geometries. With regard to the optimization of future 
plasmonic nanodevices, especially the systematic study of metallic structures which simultaneously support 
localized and delocalized surface plasmon modes in the same energy range seems very important. In extension to 
recent work on periodically arranged spherical void structures [1], we therefore present a detailed discussion of 
coupling between localized and delocalized surface plasmon modes in a novel multilayer metallic photonic crystal 
design. The analysis is based upon optical transmission measurements as well as numerical simulations using a 
scattering-matrix formalism [2]. In particular, we show that the surface plasmon dispersion and hence the optical 
transmission properties can be controlled by varying the geometrical parameters (e.g., metal film or dielectric spacer 
layer thickness) of the metallic slab structure. 
 
 
 
Fig. 1. A schematic view of the investigated sample structure is shown in panel (a). The gold nanowire grating and the 
nearby silver film are separated by a dielectric spacer layer of thickness Lsp. Experimentally and theoretically obtained 
extinction spectra are displayed in panels (b) and (c). Exemplary, spectra of a pure gold grating (solid lines) and of the 
metallic multilayer structure (Lsp=70 nm, dashed lines) are compared in both panels. The nanowire cross-section (100x15 
nm²) and the grating period (dx=300 nm) have been kept constant. The spectra are shown for TM polarization and normal 
light incidence.  
 
The schematic view of the metallic photonic crystal slab design is depicted in panel (a) of Fig. 1. The model 
structure consists of a one-dimensional gold nanowire array and a 20-nm-thick silver film which are spatially 
separated by a SiO2 spacer layer. The specific sample geometry therefore allows both the optical excitation of 
nanowire particle plasmons as well as Bragg-induced surface plasmon modes at the nearby metal film. 
Exemplarily, transmission spectra of a bare gold grating without additional silver film (solid lines) are compared 
with the results of the analyzed multilayer photonic crystal design (dashed lines). Experimental as well as theoretical 
results are displayed in panels (b) and (c) of Fig. 1, respectively. Instead of a single nanowire-related extinction 
maximum (i.e., bare grating), the spectra of the multilayer photonic crystal are characterized by two pronounced 
resonances. The redshifted extinction maximum at 1.85 eV arises due to coupling of the localized wire plasmon and 
its own mirror-induced image. Additionally, the Bragg- or grating-induced short-range surface plasmon mode of the 
thin silver film shows up as a second maximum at approximately 2.2 eV. We show that especially strong coupling 
between these resonances becomes the dominat interaction effect. Similar to the recently discussed phenomenon of 
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waveguide-plasmon polariton formation in metallo-dielectric photonic crystal slabs [3], plasmon-plasmon 
interaction leads to a remarkable splitting when both plasmon modes are tuned into resonance. 
 
 
 
Fig. 2. Measured and calculated extinction spectra of the metallic photonic crystal slab (TM polarization) are shown in 
dependence on the spacer layer thickness and in dependence on the light incidence angle. Spectra for structures (dx=300 
nm) with a spacer layer thickness of 30 nm, 50 nm, and 70 nm are compared in panels (a) and (b). Additionally, the angular 
dependence is analyzed in panels (c) and (d). From bottom to top, the angle ϑ is increased from 0° to 18° in steps of 6°. 
The spacer layer thickness of 70 nm and the grating period of 300 nm both remain unchanged. The individual spectra are 
shifted upwards for clarity. 
 
The spacer layer dependent transmission spectra of the metallic photonic crystal slab are displayed in panels (a) and 
(b) of Fig. 2. A reduction of the spacer layer thickness directly influences the spectral position of both resonances. 
For example, the lower localized mode is strongly redshifted due to the increased image-induced coupling. It is 
important to remark that the coupling between the nanowire plasmon resonance and its own image results in a so-
called magnetic resonance. Such a magnetic resonance might be of importance, especially for a possible realization 
of negative refractive index metamaterials. Furthermore, a clear angle dependent anticrossing behavior due to 
polariton formation can be observed in panels (c) and (d) of Fig. 2. While the lower antisymmetric band edge 
surface plasmon mode is optically inactive for measurements at normal incidence, it shows up as a third resonance at 
central position under inclined illumination. Note that the excitation efficiency of the upper symmetric short-range 
mode is reduced when shifting to higher energies for increased incidence angles. Simultaneously, the antisymmetric 
mode is redshifted and couples to the localized nanowire plasmon resonance. Hence, its excitation efficiency is 
strongly increased due to mixing of the localized and delocalized plasmon modes. 
 
In conclusion, we have experimentally and theoretically shown that the coupling between localized and delocalized 
surface plasmon modes will strongly modify the optical transmission properties of metallic photonic crystal slab 
structures. The observed interaction phenomena result in polariton formation and hence an avoided crossing of the 
supported plasmon resonances. More generally, the proposed model system introduces a new approach to plasmon 
engineering and metamaterials with negative refractive index, which is of great importance both from fundamental 
as well as from applicational point of view. 
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